To cope with cancer and its treatment-related side effects and toxicities, people are increasingly using complementary and alternative medicine (CAM). Consequently, integrative oncology, which combines conventional therapies and evidence-based CAM practices, is an emerging discipline in cancer care. The use of yoga as a CAM is proving to be beneficial and increasingly gaining popularity. An electronic database search (PubMed), through December 15, 2016, revealed 138 relevant clinical trials (single-armed, nonrandomized, and randomized controlled trials) on the use of yoga in cancer patients. A total of 10,660 cancer patients from 20 countries were recruited in these studies. Regardless of some methodological deficiencies, most of the studies reported that yoga improved the physical and psychological symptoms, quality of life, and markers of immunity of the patients, providing a strong support for yoga's integration into conventional cancer care. This review article presents the published clinical research on the prevalence of yoga's use in cancer patients so that oncologists, researchers, and the patients are aware of the evidence supporting the use of this relatively safe modality in cancer care.
Introduction
Cancer is one of the most feared diseases. Starting from the diagnosis of cancer, its progression (i.e., metastasis to bone and organs), adverse effects of its treatment (chemotherapy, radiation, and surgery), and diagnostic procedures (biopsies and radiological diagnostic scans) can cause physical, psychological, and emotional problems affecting patients' quality of life (QOL). [1] [2] [3] [4] [5] [6] [7] [8] [9] The statistics of new cancer cases and cancer-related mortality is scary. According to the 2016 report of the American Cancer Society, more than 1.6 million new cancer cases were diagnosed each year, [10] about 32.6 million people were living with cancer worldwide, and the number has been increasing with time. It is estimated that about 33% of women and 50% of men would develop cancer during their lifetime; about 15% of all deaths worldwide would be attributed to cancer, about 77 million people worldwide would die of cancer, and it would surpass heart diseases. [10, 11] With advances in diagnostic methods and improved treatment strategies, it is expected that the number of cancer survivors will continue to increase and pose a great challenge to health care system. [12] [13] [14] [15] [16] [17] Despite the availability of powerful technology and strong and targeted medicines, the desired therapeutic success in cancer care and other chronic diseases remains an elusive goal for the modern medicine. In addition, the conventional medical interventions are expensive and associated with undesirable toxicities. The patients, therefore, may turn to nonconventional therapies, e.g., complementary and alternative medicine (CAM). [18] Increasing interest in CAM and demands from the public, medical professionals, media, and government agencies had led the National Institute of Health in 1998 to establish the National Center for Complementary and Alternative Medicine (NCCAM) to explore those practices that are not currently considered to be a part of conventional (or main stream) medicine practiced, especially by MDs in the USA such as (i) whole medical systems (Ayurveda, Chinese traditional medicine, homeopathy, and naturopathy); (ii) mind-body medicine (yoga, meditation, relaxation,
The use of CAM is significantly increasing over the years. About 38% persons in the USA are using CAM for managing pain, arthritis, cardiovascular diseases, cancer, and psychological and emotional problems such as stress, anxiety, and depression, at the cost of approximately $40 billion. [21] [22] [23] [24] The use of integrative medicine, particularly in cancer care, is so popular that a number of medical schools and cancer centers are now offering programs in integrative medicine to their patients. "Integrative oncology" in particular is emerging as a new discipline in cancer centers.
Western scientists are now moving away from the matter-based approach that they had been practicing and realizing the importance of mind-matter relationship. In their quest to understand the subtler dimensions of the universal laws and gain new insights in the mind-matter relationship, they are turning to understand the wisdom and practices of the East.
Yoga, the mind-body medicine of CAM, is comprised of a wide range of techniques, which gradually harmonizes the body and mind as compiled by Patanjali in his Yoga Sutras. [25] Because of its health-related benefits, yoga has been an integral part of Ayurveda, the oldest and indigenous medical system practiced in India and described in Charak Samhita and Susruta Samhita. [26, 27] Yoga (meaning union or to join) has been used by Hindus and Buddhists for thousands of years for maintaining good health as well as a spiritual practice (union of the individual self with the universal self, salvation). During the last five decades, there has been a worldwide interest in yoga practices. In its various forms and for various reasons (physical and mental health-related benefits), yoga is now practiced worldwide by millions of people irrespective of their age, gender, race, religion, and nationality. The surging interest in yoga may be appreciated by the fact that, in the year 2012, more than 20 million Americans were using yoga spending more than 10 billion dollars annually on yoga classes and products, and since 2011, about 200 titles are added each year on the use of yoga in different medical conditions. [28] [29] [30] Integration of yoga with conventional cancer care is a "patient-centered approach that nurtures the physical, emotional, and spiritual wellbeing of cancer patients." [31] Despite a number of reports and reviews supporting efficacy of yoga in health care, the awareness and integration of yoga in conventional healthcare remain limited. [24] Therefore, the main purpose of this review is to familiarize cancer patients and their caregivers (oncologists, nurses, family members, and patients) with the research evidence of the beneficial effects of yoga and to encourage more scientifically focused research so that yoga therapy is fully recognized and integrated into cancer therapeutic programs.
Methods
A search of English language literature published through December 15, 2016 , on the use of yoga in cancer was conducted using the National Library of Medicine electronic database, PubMed. An advanced search using Boolean operators (i.e., "AND," "OR," and "NOT") was performed using the medical subject heading terms and the keywords: yoga, meditation, pranayama, breathing exercises, mindfulness-based stress reduction, and cancer. The primary results obtained were further analyzed using filters, i.e., reviews, clinical trials, and others. Following initial independent dual examination of the titles and the abstracts of the clinical trials, the articles that were found irrelevant, e.g., protocol developments, telephone surveys, and using Qi gong (even though it may have some elements of breathing exercises), were excluded from further analysis. Additional secondary references were obtained from the reviews and other publications.
Results
Of a total of 864 articles identified through the electronic database search, 203 articles were clinical trials [ Figure 1 ]. After examination of the titles and the abstracts, 138 studies met the inclusion criteria -28 single armed trials [ Table 1 ] and 110 randomized and nonrandomized controlled trials: 18 from 1996 to 2008 [ Table 2 ], [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] 34 from 2009 to 2012 [ Table 3 ], and 58 from 2013 to 2016 [ Table 4 ]. A total of 10,660 patients who participated in these studies had had breast cancer, colorectal cancer, leukemia, lymphoma, lung cancer, pediatric cancer (unspecified), prostate cancer, hematopoietic stem cell transplant patients, and others [Tables 1-4 ].
The measures included almost all the symptoms and side effects listed in Table 5 . In addition, the effect of yoga was reported on the telomere length, telomerase activity, T-cell subsets, signaling pathways of inflammatory transcription genes, cytokines, nuclear factor kappa B, and cAMP response element binding protein. [77, 131] In the vast majority of the studies, the yoga intervention was found to be beneficial and yielded positive effect on all the measures.
Even though the study protocols used different types and styles of yoga -Hatha yoga, Iyengar yoga, Dru, Vini, restorative yoga, etc., [Tables 1-4 ], all of them were slight variations of Patanjali's Ashtanga Yoga (asanas, pranayamas, and dhyana) tailored to the patients' need and/ or investigators' convenience. The duration and frequency of yoga practices also differed widely in different studies. The interventions were administered either to a group or individually by an experienced yoga instructor at the study site and/or practiced at home with the help of DVDs provided by the investigators. The effect of yoga was examined on almost all the cancer-related symptoms and treatment-related side effects listed in Table 5 and on the markers of immunity, inflammation, stress, etc.
The studies were conducted in 20 countries from five continents (Australia, Asia, Europe, North America, and South America). Majority of the studies had been done in the USA (n = 61), followed by Canada (n = 21), India (n = 9), UK (n = 8), Sweden (n = 6), Germany (n = 5),
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Discussion
This article presents a systematic review of the efficacy of yoga interventions as adjuvants to conventional cancer care; i.e., cancer and cancer treatment-related symptoms and side effects.
The diagnosis of cancer and its treatment-related toxicity causes a high degree of emotional distress in patients and their families, consequently leading to a number of negative implications. [81, 104, 116, [170] [171] [172] Family members of cancer patients, the parents of children with cancer in particular, and the spouses of cancer survivors experience increased anxiety, depression, and feeling of helplessness. [173] [174] [175] [176] Furthermore, pharmacological interventions used to alleviate the adverse symptoms are also associated with side effects, toxicity, and addictions, posing a great challenge for the cancer care providers. Therefore, the patients tend to use nonpharmacological therapies.
The literature review presented here shows that the yoga interventions are beneficial in improving the adverse symptoms in cancer patients -caused either by the disease or its treatment. Due to the immensity of its beneficial effects, the integrations of yoga in cancer care are gradually increasing, [177] and a number of major cancer centers are adding integrative oncology in their programs. The prevalence, demographics, and trend of the use of yoga International Journal of Yoga | Volume 11 | Issue 1 | January-April 2018 practices in various disease conditions have been reviewed by Field. [29] The salient features of yoga as therapeutic tool are that it is simple and easy to administer; it could be administered at any time, at any place, and by any person, irrespective of age or gender; is cost-effective; and could be administered to one person or to a group in the clinical settings or at home. The patients are involved in their own therapy. In contrast to pharmacological interventions, it is nontoxic, nonpervasive and therefore could be used during pregnancy and lactation. It may be used by patients, medical professionals, and caregivers for their own benefit and for others. An important point to note is that yoga also enriches the spiritual needs of patients that are not met by conventional therapy (surgery, radiation, and chemotherapy). It could be used as an adjuvant with other treatments.
The greatest challenges for cancer care providers are (1) how to prevent onset of cancer (transformation of a cell into a cancer cell), (2) how to arrest its progression, (3) how to cure cancer, and (4) how to maintain the survivors' QOL. Could the integration of yoga in conventional therapy meet these challenges?
The studies reviewed here provide ample evidence of the beneficial effects of yoga on the psychological, physical, and emotional health and QOL of cancer patients. While direct studies of the effect of yoga on the prevention, progression, and cure of cancer are almost lacking, following indirect observations suggest that yoga may meet the above-listed challenges.
Among other factors, it is well known that the body's immune system plays an important role in the development of cancer. During normal cell division, some cells acquire mutations. Aided by the risk factors (tobacco smoke, chemicals, viral infections, etc.), the mutated cell may acquire additional mutations and continues to proliferate and develops into cancer. Normally, an efficient immune system destroys the mutated cell as soon as it is formed; however, if the immune system is impaired or weakened, the mutated cell escapes destruction and continues to pathological proliferation. A number of studies have shown that the sustained stress (commonly observed in cancer patients) negatively affects the cellular immunity. [178] [179] [180] An impaired immune system may facilitate tumor development. [178, [181] [182] [183] [184] [185] Several studies have shown that yoga reduces stress, depression, and anxiety, changes cellular milieu by genomic alteration, and enhances cellular immunity. [186, 187] It is therefore very likely that yoga could prevent tumorigenesis and progression and possibly help cure cancer. Interestingly, a number of case reports from Meares demonstrated that the practice of yoga/meditation was able to regress the growth of tumors. [188] [189] [190] [191] The above findings suggest that yoga may help prevent tumorigenesis and progression and ultimately cure cancer. Of course, well-designed studies are needed to examine this hypothesis.
This review revealed a number of gaps in the reported studies. As stated in our earlier review, [192] one of the most significant methodological problems was the heterogeneity of yoga techniques and the assessment of protocols used in different studies [Tables 1-4 ], thus lacking a standardized approach. Other deficiencies were uncertainty of an effective dose; lack of studies on side effects/risks; small sample sizes; lack of follow-up studies; most of the outcomes were self-reported; lack of recruitment methods and randomized process, cointerventions, and compliance. Furthermore, except for breast cancer, studies on other cancer types remain limited. Other limitations noted were that, in spite of increasing interest in integrating holistic approaches in cancer care, the awareness in public, medical professionals, and caregivers remains limited. It should be noted that, unlike objective pharmacological interventions, yoga is a subjective intervention, and therefore, the same metrics may not be applicable to compare the two approaches, and the problems will persist with this kind of intervention. [29, 192] However, more well-designed randomized control trials using larger sample sizes, longer duration, follow-up studies, well-specified outcome measures, and different cancer types are necessary to establish benefits of yoga in the management of cancer. [192] Greater efforts must be made to integrate yoga as a mainstream therapeutic program. This includes scientific mindset and acceptability of yoga as an important therapeutic tool. It is therefore necessary to introduce courses on yoga therapy in medical schools, seek accreditation by authentic agencies, provide insurance coverage for yoga therapies, and educate the public about the benefits of yoga so that it is integrated in the current cancer therapeutic programs. It is also recommended that cancer caregivers are trained and certified as the "yoga Anxiety, anger, depression, stress, PTSD, poor self-esteem Physical and physiological Anemia, appetite loss, balance, bleeding and bruising (thrombocytopenia) constipation, diarrhea, edema, fatigue, hair loss, hypertension, impaired immunity, infection and neutropenia, insomnia, lymphedema, mouth and throat problems, nausea and vomiting, nerve problems (peripheral neuropathy), pain, rashes, respiratory problems, sexual and fertility problems (men and women), skin and nail changes, and urinary and bladder problems Emotional
Fear of recurrence, delirium, memory and concentration problems, and social adjustment General
Overall QOL QOL=Quality of life, PTSD=Posttraumatic stress disorder International Journal of Yoga | Volume 11 | Issue 1 | January-April 2018 therapists" who have knowledge of the particular disease and understand the needs of the patients.
Conclusion
This article reviews the evidence-based research on the effects of yoga in cancer care when integrated as an adjuvant with conventional therapy. Despite a wide range of methodological gaps and limitations, yoga interventions were shown to be beneficial and yielded positive results without any adverse outcomes. While work must continue using well-designed clinical trials, the findings reported here strongly support the integration of yoga in the conventional cancer care.
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